Materials and methods

Materials.
Methyl thiazolyl tetrazolium (MTT), 2-(4-Amidinophenyl)-6-indolecarbamidine dihydrochloride (DAPI), fluorescein isothiocyanate-Phalloidin (FITC-Phalloidin) and CaCl2 were from Sigma-Aldrich (CA, USA). BCA protein assay kit and BCIP/NBT alkaline phosphatase color development kit were purchased from Beyotime Biotech Co. Ltd (Jiangsu, China). Recombinant human bone morphogenetic protein-2 (rhBMP-2, 26 kD) was generously provided by Shanghai Rebone Biomaterials Co. Ltd. (Shanghai, China).
Trizol reagent, PrimeScript RT reagent kit and SYBR Premix Ex Taq TM were from Takara (Tokyo, Japan).
All reagents used in cell culture were from Gibco (Grand Island, NY).
Cell culture. The mouse myoblast cell line C2C12, with osteoblastic potential, was purchased from the American Type Culture Collection (ATCC). C2C12 cells were cultured in 37.5 cm 2 flasks with Dulbecco's modified Eagle's medium (DMEM, growth medium) containing 10% fetal calf serum, antibiotics (100 U/mL penicillin-G, and 100 mg/mL streptomycin)) at humidified atmosphere of 5% CO2/95% air until confluence, then detached with 0.25% trypsin/0.03% ethylenediamine tetraacetic acid (EDTA), and the cell density was calculated and used at the desired density in later experiments.
Cell viability. MTT assay was performed to evaluate cell viability cultured in different treatments. 30 μL of 5.0 mg/mL MTT solution was added and incubated at 37 o C to form formazan crystals. After 4 h, the formazan solubilized with 100 μL of dimethyl sulfoxide (DMSO). The absorbance of the formazan-DMSO solution was read at 492 nm using an enzyme-linked immunoadsorbent assay plate reader (SPECTRAmax 384, Molecular Devices, USA). Results were reported as the percentage ratio of ODsample/ODcontrol × 100% (n=5).
Cell morphology. Cell morphology was determined by fluorescent staining. C2C12 cells were first seeded at a density of 3 × 10 4 /mL and incubated in a series of culture media containing rhBMP-2 and different [Ca 2+ ]. After 6 h incubation, media were refreshed by normal DMEM for further cultivation. Samples were fixed with Formalin solution (3.7% formaldehyde in PBS) for 15 min on ice, subsequently stained by FITC-Phalloidin for the cell cytoskeleton. DAPI solution was added to stain cell nuclei for 10 min. The specimens were observed using Confocal Laser Scanning Microscope (CLSM, Nikon A1R, Japan). Area and perimeter of isolated cells were analyzed with the grain analysis tool by using Image J software.
Surface plasmon resonance (SPR) analyses. Surface plasmon resonance analyses were performed using BIAcore 2000 optical biosensors equipped with research-grade CM5 sensor chips (GE Healthcare Bio-Sciences, AB, Sweden). RhBMP-2 was immobilized using amine-coupling chemistry on the CM5 sensor chips 1 . Solution of calcium ions was injected over the rhBMP-2 surfaces from 18.0 to 1.5 × 10 -3 mM in two fold dilutions at a flow rate of 30 μL/min. To determine equilibrium dissociation constants for the calcium/rhBMP-2 interaction, the equilibrium response data were fit to an independent-binding-sites model 2 :
Where Rmax is the maximal response, C is the calcium concentration, and Kd is the equilibrium dissociation constant. Here, i = 1 for a single-site interaction and i = 2 for multiple binding sites. Fitting was done using nonlinear curve fitting within Origin 8.0. Cell culture on the gelatin sponge with Ca 2+ and rhBMP-2. The gelatin sponges were prepared as mentioned before. However, based on the fact that the concentration of rhBMP-2 needed in vivo was much higher than that in vitro, the mass of rhBMP-2 (1 mL DMEM) in 3D culture in vitro experiment for mimicking the procedure in vivo was decreased to 2.0 μg, which coincided with 2.0 μg/mL rhBMP-2 in the previous cell trials. Similarly, the mass of CaCl2 was changed to 0.02 mg, 0.2 mg, 0.6 mg and 2.0 mg, respectively. After 24 h incubation in growth media, cells were cultured with sponges in the specific media for 6 h. Then, the sponges were removed from the plates and the culture media were refreshed with normal DMEM for further differentiation. . Here, C2C12 cells were first exposed to rhBMP-2-containing specific DMEM medium for 6h and then transferred into regular DMEM for another 66 h. Cell nucleus was stained with DAPI (blue) and actin skeleton was stained with phaloidin (green). 
Measurement of changes of free calcium ion. Free Ca
